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Outline

 Cloud Basics

* Building a Cloud Provider
— Lxcloud @ CERN

* VOCs and Clouds

— Research done at Clemson
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What is Cloud Computing ?
You Search

Home Videos Channels Shows

What is Cloud Computing 2

> @ 1:06/9:58 «fi ) =M
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A few references

"Above the clouds: A Berkeley view of cloud
computing™
http://berkeleyclouds.blogspot.com/

"A break in the clouds: towards a cloud definition"
L.M Vaquero et al. SIGCOMM computer communication
review, 2008.

http://portal.acm.org/citation.cfim?id=1496100

"An EGEE Comparative Study - Grid cloud comparative
study™
M-Elian Begin, 2009

CLEMS@N
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On the

Figure 1. Hype Cycle for Emerging Technologies, 2008
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Trendy...

cloud computing 1.00 grid computing =———— {40

Search Volume index A |GoogiB |€D l
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News reference volume

*Source: http://www.google.com/trends
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Cloud formation
egg‘sgﬁgelgm Amazon Elastic Compute Cloud (Amazon EC2) - Beta [ —— GRID beta

A ServePath Company

Bie rqm = info@ 3tera.com (€ (348) 305-0050 CAREERS | SU

APPLOGIC | UTILITY COMPUTING TECHNOLOGY PARTNERS GRID UNIVERSITY COMPANY

TAP INTO THE

A@ 5 l 177 g P ow E R 0 F N ETW OR K. C 0 M S‘I‘fﬁfomputing Cloudware - Cloud Computing Without Compromise

i MOSSO

Q0 g
Joyent
VERIO
?/’y Eucalyptus o

.cs.ucsb.edu *Slide adapted from Rich Wolski,
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White House is going to the Cloud

*Reduce costs ... See Apps.gov

Business Apps

Your agency or service is complex and
requires state-of-the-art software to get
business done.

GSA Cloud Business Apps has a solution!

August 20, Fermi Lab

SEARCH FOR

Coming soon to Apps.gov

You've got servers, developers, storage, testing, and
upgrades to support your IT infrastructure. Need a
better solution to reduce cost and speed
implementation? Apps.gov Cloud IT Services can provide
data storage, web hosting, and virtual machines all in
the cloud - coming soon to Apps.gov!

implement projects faster?

CLEMS@N
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Cloud IT Services

Need a better solution to reduce cost and

GSA Cloud IT Services has the answer!

IN f All Categories :6; ()

What is Cloud Computing?

Want to learn more?

Watch this brief video for an overview
of Cloud Computing to gain a better
understanding of what it is and its
benefits.

-

Watch the video now »




DOE and NASA too (Check novacc.org)

¥as NEBULA Cloud Computing Platform #°" a

HOME ABOUT SERVICES BLOG

Cloud Computing For a Universe of Data

A Cloud Computing environment combining a
set of open-source components into a
seamless self-service platform.

More About NEBULA

;
Rapid Deployment Scalable Built for NASA
CLEMS@*N
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Everything is moving to the Cloud...
Stay on Earth though !

Mobile 2

Q RS, > Internet

PC

U .
PDA\Phones

*http://contactdubai.com/tag/saas-software-or-

CLEMS,‘;N storage-as-a-service
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An “Old” idea: OSI/Anatomy of the Grid/

Windows architectures...

Languages & Frameworks

Collective APIs & SDKs

Collective Service éprotocols

Collective Services

v

h _ TCP | UDP
Applications
'D
: Key: v
i A API/SDK
CSMA  async 6
Service
copper | Tder \ 4
E—— Resource APIs & SDKs
Resource Service éprotocols
: Resource Services
Figure 4.1 Hourglaw architectare of the Internat ‘

Connectivity APIs

Connectivity éProtocoIs

Fabric

CLEMS@N

August 20t, Fermi Lab SCHOOL OF COMPUTING

11



What is the Cloud ? The *aaS

e SaaS —-Software as a Service -
e PaaS —Platform as a Service -
* laas —Infrastructure as a Service —

e Service composition at all layers of distributed
system. Builds a system of system

e Software and hardware reuse

 Tendency for the *aaS-itus but these three are the main ones

CLEMS@N
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Gmail Calendar Docu

Google docs [

Create new ~ Upl

Owned by me
Opened by me
Shared with me
Starred

Hidden

Trash

ltems by type ~
More searches ~

Software as a Service

Google Analytics Data Export API

@ Google Apps APIs

Getting Started
List of All Apps APls
Developer's Guides:
o Admin Settings API
o Provisioning API
o Email Migration API
o Domain Shared Contacts API
o User Profiles API

o Email Settings API
o 2-Legged OAuth for Data AP| Feeds

Google Base Data API|
<

@ Blogger Data API

a' Google Booksearch Data API
M

Google Calendar Data API
@A

AD!
5)

;RGN SR

i—:.
2)

2)

Google Finance Portfolio Data API

Google Health Data API

Google Maps Data API

Picasa Web Albums Data API

Google Sidewiki Data API

Google Sites Data API

Google Spreadsheets Data API

Google Webmaster Tools Data API

YouTube Data API

August 20, Fermi Lab
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Sky is the limit...

* Phone apps...FermiVoice ?

-
e tWIIlo How It Works Pricing FAQ Forum Jobs Documentation -

CLOUD COMMUNICATIONS

Say I-Iollo to ﬂnWob-basod

CLEMSE*
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Platform as a Service

L" .
.7 Windows Azure

Windows® Azure is a cloud services operating system that serves as the development,
service hosting and service management environment for the Windows Azure platform.
Windows Azure provides developers with on-demand compute and storage to host, scale, and
manage web applications on the internet through Microsoft® datacenters.

Windows Azure is an open platform that supports Microsoft and non-Microsoft lanauaaes and

Google code (search)

Google App Engine Home

Run your web apps on Google's infrastructure.
Easy to build, easy to maintain, easy to scale.

CLEMS@N
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Infrastructure as a Service / Coming of age
of virtualization

Sun t0 The Open Source Toolkit to Build your Cloud

farm OpenNebula is an open and flexible tool that fits into existing data center environments to build
Networkin any type of Cloud deployment. OpenNebula can be primarily used as a virtuzalization tool to manage
g your virtual infrastructure in the data-center or cluster, which is usually referred as Private Cloud.

Ftinlfe s OpenNebula supports Hybrid Cloud to combine local infrastructure with public cloud-based infrastructure,
ﬁ ‘I enabling highly scalable hosting environments. OpenNebula also supports Public Clouds by providing
ﬁ .’- am Cloud interfaces to expose its functionality for virtual machine, storage and network management.
e [
: . Cloud User
Interface
Local User and
2 Infrastruct Administrator Interface
© Amazon E| -
Cloud (Am

= Amazon Sir

= Amazon Sir
Service (An

= Amazon Clc

= Amazon Sir
Service (An

= Amazon Elg
= AWS Premi

CLEMS@*IN
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What is the Cloud ? The *aaS
 SaaS —Software as a Service —

— Easy Access to hosted applications over the
network. Most likely using your Browser

— API to these applications
e PaaS —Platform as a Service —

— Environment to deploy new applications
— Restricted capabilities offered

— API to this platform and access to SaaS API
e laas —Infrastructure as a Service —

— Access to Hardware resources

— API to make resource allocation requests
CLEMS@*N
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Key Features

* You don’t know what’s behind but it works
— Transparency

* You Pay what you use
— Utility pricing

* You get what you ask for (On-demand)
— Read the fine prints of the SLAs...

* It scales if you need more
— How far does it scale ?

— Doesn’t this mean the underlying resources are
underutilized ?
CLEMS@*N
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Why now ?

Evolution of the Mashup Revolution thanks
to an API “explosion”

3
~
L
&

v
o

August 20t Fermi Lab

The Mashup Ecosystem:

Flourishing In An Increasingly

Nurturing Environment

o Wb o o

commerce SeafCh Content
site O engine site
n
3 ‘efp
online feed cage o ne
application aggregator We
media §
storage .
O f’” discovery 1
mashup O Posh
content 6@-&
Browser sewice e«
Mashup Drivers 7. secunty Xely
:»'55',::’_'.5". 5 Hard TO :E:'EE'E PrivsteSeNix and
Information

Source hitp://web2 wsj2.com

CLEMSE*
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Why now ?
Big Internet companies faced a lot of data to

analyze: web logs...

Developed in house: New file system
(Hadoop), new analysis framework (Map-
Reduce)

Massive amount of resources all across the
planet: >500,000 cores for Google ?

Higher needs to consolidate: virtualization,
energy costs.

New devices: iPhone / G1

A truly inter-connected glanet
CLEMS%N
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A few interesting things...to stir the pot
* Industry is leading. Is academia behind ?

 Who cares about standards ? (>20 bodies
working on cloud standards...)

 We should switch paradigm and rewrite
applications once they are 6 months old.

deltacloud-driver-ec2

deltacloud-driver-rhev-m —p

deltacloud-driver-cloudcorp [

CLEMS@:N
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Outline

 Cloud Basics

* Building a Cloud Provider

— Lxcloud @ CERN (In collaboration with Ulrich
Schwickerath, Ewan Roche, Belmiro Moreira and
Romain Wartel)

* VOCs and Clouds

— Research done at Clemson

CLEMS@N
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laas level

* For consolidating services
— Used in IT for a while now

— Fermi Grid services running in Xen VMs

* For offering on-demand services
— E.g VOBoxes, replace hardware request

* For virtualizing large scale services
— Clusters on-demand

* Virtualization is a key enabler for 1aaS

CLEMS@N
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Why virtualizing “Batch” ?

2 Run batch jobs within Virtual Machines
a Better application environment
a Custom made by user

. Job Queue
a Increased security ﬁ
a Better control on resource sharing
(ssh)

a Multi-core apps TS
a Increased flexibility on the admin 5|de
a Can run a preferred OS on the metal

%\;

BB B B B Bl EIE

W

1
[
1
1
]
1
1
1

M)

LXBATCH

IR
CLEMS@N

August 20t, Fermi Lab SCHOOL OF COMPUTING

24



How to virtualize “Batch”...smoothly ?

Job Queue |2

\
1 (ssh) LXPLUS
A

Type 1: i

Run my jobs (in ':__' — —1 :‘.

your VM) E A N =
LXBATCH @ = ™ —™=i <==p

Type 2: e

Run my jobs in
my VM
CLEMS@:N
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Moving to the cloud:

Request Queue

— (API) LXCLOUD
) A
- -
Where is the image coming from ?
Certified
Provenance
D
| CernVi 1—1——"
Sertwase Applissce | S
A, a=dy
Tvpe 3: LXBATCH . :
yp 1 X A
Give me my —— ="
infrastructure | ——
i.e a VM or a batch of T
- — —
VMs /

L Lo LlVLVOOWYL N
August 20, Fermi Lab SCHOOL OF COMPUTING




s MDeployment Models

j|/nnovation in Cloud Computing Architectures

Model Definition Examples of Deployment
o Infrastructure is owned <+ Optimize and simplify internal operation
w© byasingle organization « SaaS/Paa$S support
2 and made available « IT consolidation within large organizations
nh_ only to the organization = (Goverment Clouds, University Clouds...)
Infrastructure is owned <« Commercial cloud providers
by a single organization * Community public clouds by ICT service
© and made available to centers to enable scientific and educational
& other organizations projects to experiment with cloud computing
= « Special purpose clouds with dedicated
o capabilities (Science Clouds, HPC Clouds..)
* Regional clouds to address regulatory or
latency issues
= Infrastructure is a » Cloudbursting to address peak demands
= composition oftwoor  +« Cloud Federation to share infrastructure
L  more clouds with partners
E‘ « Cloud Aggregation to provide a larger

resource infrastructure

CLEMS@N
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Main components/characteristics

Set of Hypervisors

e Physical machines with a virtual machine monitor

e Xen or KVM ...or Hyper-V...or VMware ESx...
VM provisioning system

e OpenNebula

e Nimbus

e Eucalyptus

e Platform ISF

e or even traditional schedulers like PBS/Maui.
Image distribution mechanism

e Shared file system (e.g NFS, AFS, PVFS, Lustre...)

e Copyimages (e.g scp, wget, Bittorent)
Networking

e Private / Public bridged

e NAT

CLEMS@N
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Thoughts for OSG...to stir the pot again

* Sites need to have hypervisors, that’s a starting
point. Without it/them there won’t be OSG
clouds.

 What VMM/Hypervisor they use does not
matter...but my guess is that 80% will use KVM

* What provisioning system they use is a matter
of local technical setup, taste and relationships

e Sites can do this now

* The hard problem is in the image transfer and

trust...See HEPiX virtualization working group
CLEMS#N
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CERN's LXCLOUD architecture

Image repository with
Golden nodes.

VM instances not quattor
managed have finite
lifetime

Specific IP/MACs are
pinned to hypervisors
Currently testing two
provisioning system:
Opennebula and
Platform ISF.

August 20t Fermi Lab

Data Center Management System

Local/Remote or Grid user

. ()
;.‘;lonﬂguratlon Network Monitoring 4
anagement Management ¢ 9
-
r- L
Im Virtual Machine Provisionin N
Rep:s?t?)ry System - o ) Job Submission Front-end
g_ or Compute Element
Contextualization =
Golden Leasing T A
Nodes Policy & v
Scheduling ®

System J

Image
Cache

Y

[ Batch
//

~

{

Image transfer
Mechanism

Hypervisor
Utilities

Virtual Worker
Nodes

Physical Resources

CLEMS#:N
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Data Center Management System

Configuration
Management

Network
Management

Monitoring

?

Local/Remote or Grid user

Job Submission Front-end
or Compute Element

Virtual Worker
Nodes

Image Virtual Machine Provisioning

Repository System
Contextualization
Golden Lea§|ng
Nodes Policy
Scheduling

T

Image

Cache

l ,

Image transfer Hypervisor :

Mechanism Utilities Pl s

I

Batch System
e =
S N
T T T P P s

August 20t Fermi Lab
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Provisioning system

OpenNebula and Platform ISF are currently being evaluated.
Results shown in this talk were obtained with OpenNebula.

OpenNebula out of the University Compultense of Madrid
e C/C++ core with Ruby drivers and command line interface
e Mysqgl and Sqglite backends
e Use ssh as communication between frontend and hosts
e XML-RPC API

e Support for LVM contributed by CERN

e Enables Hybrid clouds (i.e instantiation on remote cloud
providers)

e Implements subset of EC2 interface as well as upcoming OCCI
interface for Public cloud interface.

nNebula

August 20t Fermi Lab
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Comparison with Similar Technologies

OpenNebula - Architecture, Current Status & Roadmap

Virtualization
Management

Virtual Network
Management

Image Management

Service
Contextualization

Scheduling

Administration
Interface

Hybrid Cloud
Computing

Cloud Interfaces

Flexibility and
Extensibility

Open Source

Platform ISF VMware Vsphere Eucalyptus Nimbus OpenNebula
VMware, Xen VMware Xen, KVM Xen ey LWL
VMware
Yes Yes No Yes Yes
Yes Yes Yes Yes Yes
No No No Yes Yes
Yes Yes No No Yes
Yes Yes No No Yes
No No No No Yes
EC2 Query
No vCloud EC2 WSRF, EC2 OGF OcCcClI
vCloud
Yes No Yes Yes Yes
No M GPL Apache Apache

SCHOOL OF CQ
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CERN's LXCLOUD details

e Alog scp and bittorrent
image distribution has
been implemented

e Hypervisors run utilities
to detect what VM they
are allowed to run and
which images they need
to download

e OpenNebula triggers
instantiation via ssh

* |nstances based on LVM
snapshots

August 20t, Fermi Lab

T
| Image Repository
CcDB o

L J Golden Trusted
/ Nodes Images

v

\4‘_‘/

Poll

Push or|Pull

A I
7} ]
Hypervisor OpenNebula Front- Ei
v y V.V —_—
Request Virtual Machine
Management
Generate —
Place
IP/MAC Call Instances [ »  Scheduler
- @@
IP/MAC
IP/MAC Register Hypervisor
> Management

CLEMS@N
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Image Repository

-

-\

Trusted
Images

Push or|Pull

Generate

IP/MAC
IP/MAC
— IP/MAC

Hypervisor

Call

~

Y

Instances ]

Request

Place

. (
Register N

August 20, Fermi Lab
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OpenNebula Front-End

4 )
Virtual Machine

Management
J
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Scheduler

Hypervisor

Management |

Request
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Image Distribution

Push:

e Sequential SCP

e logarithmic SCP (scp-wave)

e http://code.google.com/p/scp-wave/

Pull:
e wget via an http based repository (locally)
e Bittorrent (Romain Wartel, Belmiro Moreira @CERN)

Shared FS
e NFS
e PVFS, Lustre...

CLEMS@N

August 20", FermilLab ~~  SCHOOL OF COMPUTING

36



Image distribution results (thx to Belmiro)

s4t6a§s/scp--stagein-img 10GB .txt - started on 2010/7/11 14:02 - 462/462 nodes OK
m -y

2 414
~ 368+
©

£ 3221
2 276+
= 230-
£ 184+
© 1384
92+
46+
0

o
©

Number o

T
w @w -
— o~

Elapsed time in minutes

stats/img10GB .txt - started on 2010/7/11 16:47 - 462/462 nodes OK

414+
3681
322+
276
230+
184+
138+

92+

46 -

T T T T
(=] o

Number of complete transfers

Elapsed time in minutes
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Guiding the provisioning

e Define policies to compose the batch farm

e Automate the provisioning of the virtual machines
such that the policies are enforced.

e e.g Inspect the job queue and deduce the best
composition of the batch farm. In terms of SMP VMs,
OS...

e Asizer is used to monitor the pool of VM instances and
evaluate the policies.

e Currently only one policy: "Keep the pool full with the
proper shares of VM types"

e See ICAC2010 and CCGRID2009 papers
CLEMSE*N
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Autonomic Provisioning Results

Number of VMs

Number of VMs
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Early Results of sizer
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Joining the Batch system
...A contextualization problem...

CONTEXT = [

vmid = "SVMID",

TTL = "3,

AF'S = "offt",

files = "/opt/vmimage/init.sh /opt/vmimage/etchosts /opt/vmimage/

etcsysconfigifcfg /opt/vmimage/id rsa.pub /o
pt/vmimage/lsfcontext.conf /opt/vmimage/etcsysconfignetwork",
target = "xvdb"

]

e Files and variables are stored in a ISO created on
the fly.
e Startup script mounts this ISO and runs

contextualization script.
e \/Ms are setup as dynamic hosts in the LSF pool.

CLEMS@N
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Scalability Tests...7,500 slots in LSF via
Opennebula

8000

2000 koo b

6000

Number of LSF slots

2000

1000 -

5000 -
4000

3000 Lvovee b

Virtual Batch System Scalability

August 20t Fermi Lab
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Time

CLEMS@N

SCHOOL OF COMPUTING

42



Testing LSF scalability

LSF scalability

Number of VMs
o
(@]
o
o
1

[

iy

o
I

——  bhosts
— Ishosts

=

N

o
I

Response Time (seconds)
o'
o

Time (days)
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laas at Clemson

* The really easy way:
— KVM on a regular HPC cluster
— NAT networking (every VM gets its own NAT)
— Base image on NFS server

— KVM snapshot mode creates temporary disk in scratch,
disk discarded once instance is shutdown

— Submit VMs as PBS jobs

IMAGE=/home/sebgoa/kvm/star5.img
export TMPDIR=/local scratch

kvm -hda $IMAGE -net nic,model=el000 -net user -m 1280 -snapshot -nographic;

CLEMS@N
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laasS at Clemson

 But...
— No shared FS between VMs
— Looks like each VM has the same IP

— Can’t use regular job management systems to run
jobs in those VMs (need glidein/proxy like solution)

* This setup has been one of the key drivers for
our development of Kestrel: An XMPP based
job management system

CLEMS@N
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Kestrel

A job management il
framework using the |

Client
XMPP | -
p r Ot O C O Job Broker / Deirs‘;aea:tcher
w.
v

Started as a student

project ............................ Iaise;?:riﬁc .......................

Uses Instant Messaging ‘ ‘ o \

concepts of notifications — N =
Corporate Clouds (e.g EC2..) New Grid sites ? Internal Cloud

Practical in adverse
network conditions

http://wiki.github.com/legastero/Kestrel/

https://twiki.grid.iu.edu/bin/view/CampusGrids/InstallingKestrel
CLEMS%:N
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Booting VMs is extremely fast (20 VMs/sec)

4000

35000 ............ ............. ........... ............ ............. ............ ............ s
3000 [
2500 |- 24 ........ guuﬂnén_ ........ % ........ -é .... .”H;_ ........ % ........ _”;”. .......
zooo_uh”uué ............ éuuAﬂug ............ % ............ éuﬂﬂu”é ............ éﬂnuuué ____________
T S T s i s

1000 | e o s e frneeeess e e S

: : : : - | — Agents Online
500 +----------- ........... ............. ............ ............ A Agents Available -
: : : 3 - | — Agents Executing

0 50 100 150 200 250 300 350 400 450
Time (Seconds)
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STAR Success with Clemson laaS and Kestrel

Figure 10:
2000
Online in PBS
Il Online in Kestrel
1500 Busy in Kestrel
Idle in Kestrel
/" 0 . ""P ~
1000 | 'l : ‘ ‘r-,-—y N- ol
| \ f K g = —*
T)\ o ' R AYd o | B!
il | 1. 9 Q M1 —
I/ | —_ (‘ I"" .v,; o — . ( O A.,ﬁu—?; Ay
500 [ A i \ E B . & 90 00 !
it seoll | ™ ',"'z - _ [  § il
. | | LI ’ .
, ‘
0 “— e L e - _
2010-7-8 0:00 2010-7-16 2010-7-24 2010-8-1 0:00 2010-8-8 0:00
0:00 0:00

e “But to simulate the equivalent sample of 12.2 Billion Monte-Carlo
events with ~ 10 Million accepted by event triggering after full event
reconstruction, we would have taken 3 years at BNL on 50 machines
This Monte-Carlo event generation would essentially not have been
done. With the resources from cloud, we took 3-4 weeks.” —Jerome

Lauret BNL. CLEMSZ:N
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Conclusions
The Cloud is here let’s hope it gets sunny

APl explosion opens up possibilities

Focusing on laaS layers, LXCLOUD and Clemson’s
clusters have been developed/enhanced to
provision VMs.

Great scalability with OpenNebula

KVM shows great promise especially with the
snapshot mode

Performance will get even better

May need specialized job management systems to
make use of Clouds across multi-site

CLEMS@N
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Thanks to NSF, DOE and OSG
Thanks to Lance Stout, Mike Murphy,
Michael Fenn, Linton Abraham and all the
other students...

Thanks to CERN and the IT/PES-PS group
Thanks to Jerome Lauret, Matthew Walker

Questions?: sebgoa@clemson.edu
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Outline

 Cloud Basics

* Building a Cloud Provider

— Lxcloud @ CERN (In collaboration with Ulrich
Schwickerath, Ewan Roche, Belmiro Moreira and
Romain Wartel)

e VOCs and Clouds
— Research done at Clemson

CLEMS@N
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VOC: Virtual Organization Cluster (JGC
+FGCS papers)
Aa v R Ko v Ra otz

| | | |
I

System is transparent to e VO _ Private
non-participating VO, voz (participating) He;d Node

Site 2 transparently runs site-
provided VMs to execute VO,
jobs, so that no end-user jobs
are run directly on the metal.

—{ Ssite 2 Head| Node +CE |

— Physical Node
Physical Node
Physical Node
—{ Physical Node

DFs| Vo
Image VO_Private

Resource

Job
Job
Job VvocC - Node

<

Job | VOC_Node

 site 1 Head Node + CE |

—{ Physical Node [ Job | Site 1schedules VO, jobs
— Physical Node | Job | directly on the metal.
i VOC_Node
Phys!cal Node 2 Job VO Private
— Physical Node VOC_,Node | Job 2
Overlay Network
VocC L . .
— DFS 2 Participating VO2 sends pilot jobs to physical systems to start VOC nodes,
Image then actual jobs are scheduled from private head node using overlay network
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Why VOCs aka Clouds ?
* Observation that what people want is

resources with their own OS/Apps and central
scheduling: Pilot job frameworks.

e A cloudis acluster over WAN

* Therefore there is a need for
— A way to request/start the nodes
— A way to create a virtual network
— A way to run jobs in them

* Very similar to glideinWMS but the pilots ask to
start VMs

CLEMS@N
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Multi-Site Overlay (ICAC 2010)
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VOC Implementation

 Multiple configurations:

— Type 1: Shared head node on Physical cluster, VO is
unaware of VOC (e.g LXCLOUD)

— Type 2: VO provides virtual head nodes on multiple
grid sites.

— Type 3: VO uses an overlay network with a single
head node (e.g STAR).

CLEMS@N
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Type 1: Implementation

e KVM vs. Xen for ease of Public Internet
use T
e Normal Cluster utilities/ Fead nodc B
techniques
/Scheduler Scheduler
(}—{(Physical Node KVM
e NFS share — Physical Node KVM
- Physical Node KVM
* And PVFS setup w—{Physical Node (KVM
= [ (Physical Node KVM
SH{Physical Node (KVM
e KVM offers a snapshot i |
. - Physical Nod KVM -
mode that gives us ability ~ ————
NFS Mount

to use a single image file.

] UtilityINode B
Writes are temporary [__.__]-DHCP DNS, LDAP.NFS-
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Load-Driven Provisioning (CCGRID09)

* Dynamic Provisioning is done via the use of a
Watchdog on the VOC head node

* Watchdog monitors incoming jobs on the OSG
gatekeeper (Condor job manager is used)

* When jobs are in the local scheduler queue, the
watchdog starts a VM on a physical host (static
mapping between host and guest currently). XML-RPC
system

e When VM starts, Condor inside the VM starts and
advertizes its presence to the central manager -> Jobs
run.

CLEMS@N
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 Engage VO on 0SG Experimental Results
e Site Clemson-Birdnest on OSG Production

e Cluster size responds to load, Simulation Results
confirm (Pending IPDPS paper, simulator: simVOC
available at http://cirg.cs.clemson.edu/software/

simvoc )

Engage VO (Transparent)

0000000000000000000000000000000000000

Number of VMs Started Number of
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Transparent VOC Operational Test (Engage VO)

60 . Condor Queue Size ||

VOC Size
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Engage VO on OSG

From: ACAT 2010, February 22-27th Jaipur/
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